were 5.7 pg/M3 and 8.1 pg/M3, respectively. Based on skin wipe sample analyses, the skin contamination was also obvious. The mean value of benzo[alpyrene on the samples collected after the shift was 1.2 ng/cm2. In control samples, benzo[alpyrene was not found. The mean value of urinary 1-hydroxypyrene concentration was 6.0 nmol/mmol creatinine for the exposed workers and 0.5 nmol/mmol creatinine for the controls. This study showed the usefulness of 1 -hydroxypyrene as an indicator of internal dose of polynuclear aromatic hydrocarbons. We concluded that the cokery workers at the Kohtla-J3rve plant are exposed to high concentrations of polynuclear aromatic compounds. Environ Health Perspect 104(Suppl 3): 539-541 (1996) 
Introduction
Estonia is one of the leading countries in the world where oil shale is used for petrochemical purposes. Oil shale processing has its start in the beginning of this century and has grown to include production of refined end products as well as raw materials for different fields of the chemical industry (1) . Cokery workers are exposed to a complex mixture of gaseous and particulate contaminants. There is sufficient evidence that occupational exposure causes an excess of skin and lung cancers among coke oven workers (2) . The most extensively studied compounds that have adverse health effects in the cokery environment are the polynuclear aromatic hydrocarbons (PAHs) (3) . Most of the mutagenic and carcinogenic PAHs are known to exist in the particulate phase (4) . At (5) . In a Swedish cokery, the amount of 14 analyzed PAH compounds was 6 to 570 pg/mi3, of which 0.5 to 2.5% consisted of B[a]P (6) . Recently in a modern Finnish cokery, the amount of B[a]P in the vicinity of the coke battery ranged from 2.7 to 3.8 pg/m3 (7) . Repeated measurements at a cokery have shown that the PAH profile remains relatively constant (5) .
Personal exposure to PAH compounds has been assessed in many different occupational environments. Ares (8) recommends that PAHs in the gas phase and those adsorbed on the air particulates be collected simultaneously. Absorption through the lungs has traditionally been considered the most important route of exposure; however, in many workplaces, absorption through skin may also be an important route of exposure. This is demonstrated in therapeutic as well as occupational exposure cases (9) (10) (11) (12) . VanRooij et al. (13) have demonstrated as high as 74 ng/cm2 of pyrene and 55 ng/cm2 of B[a]P on the skin of cokery workers. Considerable contamination was also noticed under the protective clothing. VanRooij et. al have also stated that approximately 75% of the total pyrene dose and 51% of B[a]P dose is absorbed through skin (13) .
The markers of internal dose are important because they reflect the amount of the compound that has been absorbed into the body through all absorption routes (14) . Several biomarkers have been tested for the assessment of occupational PAH exposure. The most important restrictions in these methods have been unselectivity and low sensitivity (15, 16) . In many occupational hygiene studies 1-hydroxypyrene has been shown to be a sound marker for PAH exposure (17) (18) (19) .
In this study we examined the PAH exposure of cokery workers in an Estonian oil shale processing plant. Personal air sampling and skin wipe sampling were used to assess the external dose, and 1 samples was found in XAD-2 material during the winter sampling. In the second sampling, less than 5% of the pyrene was found in 54% (n = 24) of XAD-2 samples. The outdoor temperature was approximately -20°C during the winter sampling days, and it is known that temperature has a considerable influence on the occurrence of smaller PAHs in particulate or gaseous phase in the atmosphere (21) . Correlation between pyrene and B[a]P concentrations was, however, very good ( Figure 1) . In a Finnish cokery study, B[a]P concentration in personal samples ranged from 1.4 to 2.5 pg/M3 (7) . In another recent study, topside cokery workers were exposed to 9.44 (geometric mean [GM]) pg/m3 pyrene concentrations and to 5.85 (GM) pg/m3 B[a]P concentrations (19) . The measured contamination on wrist skin was 0.1 to 9.0 ng/cm2 (mean 1.6 ng/cm2) for pyrene and 0 to 7.4 ng/cm2 (mean 1.3 ng/cm2) for B[a]P. A clear skin contamination was demonstrated and, in most cases (60%, n = 48), the postshift value was higher, although handwashing could not be controlled in all cases before sampling.
In this study, 1-hydroxypyrene was measured from post-shift samples of 49 exposed workers and 10 controls. Most of the studied subjects were smokers (75%). As showed by VanRooij et al. 1-hydroxypyrene in urine (mean value 0.25 pmol/mol creatinine for smokers). In our study, the controls excreted slightly higher levels of 1-hydroxypyrene, showing a mean of 0.5 nmol/mmol creatinine (range 0.1-1.7 nmol/mmol creatinine). However, the exposed workers showed clearly elevated levels of 1-hydroxypyrene in their urines. The 1-hydroxypyrene concentration was about 12 times higher (mean 6.0 nmol/mmol creatinine, range 0.2-69.5 nmol/mmol creatinine) than the local control population. Correlation between airborne pyrene and 1-hydroxypyrene was strong, showing an r-value of 0.56 ( Figure  2 ). Correlation between B[a]P and 1-hydroxypyrene was even stronger, showing an r-value of 0.63 ( Figure 3 ). In this study we found that the cokery workers were exposed to high concentrations of pyrene and B[a]P. Results of biological monitoring are in an agreement with occupational hygiene measurements from the workplace atmosphere. Skin contamination and the importance of possible PAH exposure through the skin is obvious. Because of the big difference of 1-hydroxypyrene concentrations in controls compared to exposed workers and a strong correlation between occupational exposure to pyrene and urinary 1-hydroxypyrene level, we further concluded that environmental factors such as diet and smoking are buried behind high occupational exposures.
